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Introduction
Cystic hydatid disease caused by the larval stage of a teaniid cestode Echinococcus granulosus, is one of the most important cosmopolitan parasitic zoonoses. The cyclic transmission of the disease mainly occurs between dog as definitive host and livestock as intermediate hosts. Humans are accidental intermediate host who do not play a role in the natural cycle and are considered as aberrant host. Within intermediate host, onchospheres liberated …… from ingested viable eggs may develop into hydatid cysts (metacestode larvae) in any organ but liver and lungs are the most preferred sites for cyst development (Turcekova et al., 2009) . The developing cyst induces pressure and space occupying effect on different vital organs causing pain, degenerative changes in the infected organs and high economic losses due to condemnation of affected viscera at the slaughterhouses (Gholami et al., 2010) . The fully developed mrtacestode of E. granulosus is unilocular, sub spherical, fluid -filled and exhibits least complex structure than other Echinococcus species (Thompson, 1995) . The cyst wall consists of an inner thin nucleated germinal layer, which gives rise brood capsules and protoscoleces by budding and an outer thick acellular laminated layer, adjacent to the host-produced adventitial layer. The laminated layer is unique to the genus Echinococcus and is involved in the survival of metacestodes by offering an immunologically inert barrier and denies the access of host defense cells (Coltorti & Varela-Diaz, 1974; Leducq & Gabrion, 1992; Taherkhani & Rogan, 2000) . Based on the presence and absence of protoscoleces, the cysts have been classified as sterile (without protoscoleces) and fertile (with protoscoleces). The fertile cysts are responsible for maintaining the life cycle, whereas, morbidity and pathological manifestations occur with all types of cysts. The available literatures revealed that the biochemical composition of protoscoleces and hydatid fluids from different hosts and habitats have been well studied but only limited work carried out so for on the cyst wall (see references in McManus & Bryant, 1995) . Previous studies carried out on the biochemical composition of the cyst wall from India, were from the cattle and human hosts (Sadanand, 1971; Irshadullah & Nizami, 1997a) , whereas no information is available from buffalo origin which is important from the strain point of view, as E. granulosus exist as different strains and each strain varies in infectivity, biochemical composition, protein profile, sensitivity HELMINTHOLOGIA, 48, 2: 88 -93, 2011 Comparative studies on the biochemical composition and polypeptide profiles of the cyst walls from sterile and fertile hydatid cysts of Echinococcus granulosus from buffalo host -mail: malikirshadullah@rediffmail.com, malikirshadullah@yahoo.co.in to chemotherapeutic agent and pathology (Thompson & McManus, 2002) . Furthermore, no study has yet been carried out on polypeptide profiles of the cyst wall. A comparative biochemical analysis was therefore undertaken to assess the similarity and/or differences in the organic constituents between the cyst walls of sterile and fertile hydatid cyst of E. granulosus from Indian buffalo, which could be useful for the identification of dominant antigen and could be used for diagnostic purpose.
Materials and methods

Collection of samples
Hydatid cysts were collected from the lungs of naturally infected, freshly slaughtered Indian water buffalo Bubalus bubalis (12 to 14 years of age), at the Aligarh abattoir and brought to the laboratory. The cyst walls from the sterile and fertile hydatid cysts were isolated by the methods as described by Irshadullah and Rani (2010) and from here onwards they will be referred as sterile and fertile cyst wall respectively. After isolation, the specimens were thoroughly washed with Hank's medium to remove the protoscoleces and were used for the extraction and estimation of various biochemical components and analysis of polypeptide profile. In total 3 sterile and 3 fertile cyst walls were used.
Biochemical Composition
Biochemical components were analyzed by using standard spectrophotometric methods and all readings were taken on Spectronic 1001 Spectrophotometer (Bausch and Lomb). Methods followed for the extraction and estimation of alkali soluble glycogen, proteins, lipids, RNA, DNA, and major lipid fractions like cholesterol, triglycerides, free fatty acids and phospholipids were essentially the same as described in Irshadullah and Nizami (1997b) . Phospholipids were further fractionated by ascending thin layer chromatography (Skipski et al., 1964) using chloroform : methanol : water (65 : 25 : 4, v/v) as the solvent system. The phospholipid fractions were identified after comparing their Rf values with the standard phospholipids (lysophosphatidylcholine, lysophosphatidylethanolamine, phosphatidylcholine, sphingomyelin and phosphatidylethanolamine) (V. P. Chest Institute, New Delhi), applied on the same plate and the phosphorous was analyzed according to the method of Rouser et al. (1970) . Student's t-test was employed to detect the level of significance.
Polyacrylamide gel electrophoresis
Sodium-dodecyl sulphate gradient polyacrylamide gel electrophoresis (SDS-gradient PAGE) was performed according to the method of Laemmli (1970) with minor modification, in a separating 8 -15 % gradient slab gel using a vertical gel electrophoresis unit (Atto, Japan). For this study, the sterile and fertile hydatid cyst walls were separately homogenized in 0.1 M phosphate buffer (pH 7.4), containing 0.25 M sucrose in a Potter Elvehjm glass tissue homogenizer at 4 o C. The soluble protein samples were isolated after centrifugation of homogenates at 1,000 x g for 20 min and used for electrophoresis. The protein concentration in the samples was determined by the dye binding method (Spector, 1978) , using bovine serum albumin (BSA) as standard. Sørensen et al. (2002) . The gels were fixed with 12 % (w/v) TCA in 50% (v/v) methanol for 30 min and then transferred into ethanol, acetic acid and double distilled water (10 : 5 : 85, v/v) mixture followed by 0.057% ammonium per sulphate solution for 20 min in each. After thorough washing with double distilled water for 45 min, the gels were transferred into 0.1 % (w/v) AgNO 3 for one hour. After quick rinse with double distilled water, the gels were placed in freshly prepared developer solution containing 2 % (w/v) Na 2 CO 3 and 50 l of 40 % formaldehyde until bands became clearly visible and the reaction was stopped with 1 % (v/v) acetic acid. The molecular weights of resolved polypeptides were determined with the help of semi log standard graph plotted by using molecular weight of standard marker proteins against their Rf values. Values are expressed as mg/g wet weight of tissue ± SEM of 3 samples, p < 0.05 is considered as significant.
Results
The sterile and fertile cyst walls collected from the same host and habitat showed considerable heterogeneity in their organic constituents. The fertile cyst wall had significantly less glycogen (p < 0.01), and lipids (p < 0.05) whereas more RNA (p < 0.05) and DNA (p < 0.05) than the sterile cyst wall (Table 1) . Among known lipid fractions, phospholipids and free fatty acids were higher in the fertile cyst wall, whereas triglycerides and cholesterol in the sterile cyst wall, but only the differences in the triglycerides level were found significant (p < 0.05). The level of these fractions was in the following order: phospholipids > triglycerides > cholesterol > free fatty acids in both types of cyst membrane (Fig. 1) . Phospholipids alone constituted about 46.39 % and 48.59 % of the total lipids in the sterile and fertile cyst wall respectively. Further analysis of phospholipid fractions (Fig. 2) revealed that lysophosphatidylcholine (p < 1.0), lysophosphatidylethanolamine (p < 0.05), and phosphatidylethanolamine (p < 0.05) were higher in the fertile cyst wall, whereas sphingomyelin (p < 0.02) and phosphatidylcholine (p < 1.0) in the sterile cyst wall. The unidentified phospholipid fraction constituted 37.15 % and 27.38 % of the total phospholipids in the sterile and fertile cyst wall respectively.
Besides biochemical components, differences were also noticed in the polypeptide profiles between the sterile and fertile cyst wall. A total of 7 and 11 polypeptides by CBBR-250 staining while 21 and 23 polypeptides by silver staining were resolved in the sterile and fertile cyst wall respectively (Fig. 3, A and B) . Besides common polypeptides some characteristic polypeptides with different molecular weights were also detected in both the sterile and fertile cyst walls (Table 2) .
Discussion
Among the analyzed organic constituents, protein was found to be the major components in both types of cyst wall, which is in agreement with those reported by Irshadullah and Nizami (1997a) and Sadanand (1971) for the hydatid cyst wall and laminated membrane of E. granulosus from human and cattle hosts respectively. High concentration of protein and lipids in the cyst wall may be due to their requirements for molecular reorganization and membrane synthesis. Quantitative variations in the biochemical components between the sterile and fertile cyst wall may indicate variations in their metabolic state as suggested for T. hydatigena cysticerci (Abidi et al., 1989) . Comparatively low glycogen level in the fertile cyst wall suggests that this component is being utilized for the formation of brood capsules and protoscoleces, which finds support from the earlier report of the decrease in sugar content in the fibrilar matrix of laminated layer during differentiation of protoscoleces (Leducq & Gabrion, 1992) . Similarly weak reaction of glycogen has been demonstrated histochemically in the fertile than the sterile cyst wall (Irshadullah & Rani, 2010) . Presence of both DNA and RNA in the hydatid cyst walls understudy may be due to the fact that these components are solely present in the germinal rather than laminated layer, as the germinal membrane contains several cell types and nuclei (Kilejian et al., 1961) , while the laminated layer is a polysaccharide protein complex (Kilejian & Schwabe, 1971) . Occurrence of more DNA and RNA in the fertile cyst wall suggests that its germinal layer is more developed than the sterile cyst probably for the production of brood capsules and protoscoleces. This may also reflect increased cellular proliferation taking place in the fertile cysts which affects growth of the cysts, since the fertile cysts grow faster than the sterile cysts (Turcekova et al., 2009) . Furthermore, differences in the RNA level indicated variation in the nature and metabolic state of the cyst walls as RNA constitutes a marker for overall metabolic activities (Smith & Walker, 1986) . Quantitatively lesser amounts of lipids and triglycerides in the fertile cyst wall indicated their utilization for the formation and insertion of brood capsules and protoscoleces since it has been suggested that the resultant products of lipid metabolism are important for the development and growth of protoscoleces (Vercelli-Retta et al., 1975) . The lipid and phospholipid fractions obtained in the present study showed similarity as well as differences with the findings of Richards et al. (1987) . They detected di and triacylglycerols, cholesterol, wax, steryl esters, oleic acid, sphingomyelin, phosphatidylcholine, phosphatidylinositol and ceramide hexosides in the laminated layer of horse liver hydatid cysts, whereas all components except cholesterol, wax, steryl ester and triacylglycerol in lungs' cysts. Like other cestodes, Echinococcus is not able to synthesize most of their own lipids de novo and therefore, the lipids from the host origin were taken up by the parasite for their survival (Smyth & McManus, 1989) . Furthermore, the phospholipids of host origin in Hymenilepis diminuta (Ginger & Fairbairn, 1966) and the lack of de novo synthesis of cholesterol in larval cestodes (Frayha, 1968 (Frayha, , 1974 , suggests that these fractions in the cyst wall may also be of host origin. The high level of phospholipids in both types of cyst walls indicated their possible involvement in the reorganization and synthesis of membrane during growth of the cysts The differential distribution of phospholipid fractions, lysophosphatidylethanolamine and phosphatidylethanolamine in the fertile cyst wall as observed in the present study have also been recorded in higher concentration in other helminthes (Barrett, 1981 , Abidi et al., 1989 , whereas sphingomyelin and phosphatidylcholine were higher in the sterile cyst wall. The pronounced variation in the unknown phospholipid fractions also suggests that the nature of phospholipids in the two membranes varies considerably. The unknown fraction of phospholipids constituted maximum value. Future studies are, therefore, warranted to identify this fraction by using additional standard phospholipids other than those used in the present study. Besides biochemical differences, the sterile and fertile hydatid cyst wall also differ in their polypeptide profiles as detected by CBBR-250 and silver staining. An interesting observation was the presence of additional polypeptides in the fertile cyst wall which could be due to the presence/synthesis of additional proteins, required for the production of brood capsules and protoscoleces. Ingold et al., (1998) also found differences in the protein banding pattern between the cysts walls of in vitro cultivated metacestode of E. vogeli and E. multilocularis. Qualitatively different polypeptides can be detected by CBBR-250 (Irie et al., 1982) and silver staining (Dzandu et al.,1984) , hence both the techniques were employed in the present study. Detection of more polypeptides by silver staining could be due to higher sensitivity as well as staining property of conjugated proteins like lipo-, phospho-and/or glycoprotein. The specific polypeptides in the sterile and fertile cyst walls not only indicated the biochemical variation but also contribute to the possible existence of antigenic variation and hence they could be exploited for diagnostics. The presence of host proteins including immunoglobulin on the cyst walls cannot be ruled out, as occurrence of hosts' proteins including immunoglobulin have been re- ported on the cyst wall (Varela-Diaz & Coltorti, 1973; Coltorti & Varela-Diaz, 1974; Ali Khan & Siboo, 1981; Taherkhani & Rogan, 2000) . Since we have compared the polypeptide profiles between the sterile and fertile hydatid cyst walls collected from the same host (buffalo) and habitat (lungs), the chances for the occurrence of hosts' proteins are equal on both kinds of cyst walls. Therefore, the observed differences between them give a true picture of variations. It is likely that both kinds of cyst walls may have same amount of biochemical components during the early phase of development. However, during later stages, these components could be utilized as energy source by fertile cyst for the production of brood capsules and protoscoleces resulting in its decrease in the fertile condition of the cysts. Further studies are required on the parasite materials from experimentally infected host to substantiate this assumption.
